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ELECTRICAL CONDUCTIVITY OP SOLUTIONS IN AMYL AMINE 



A considerable amount of worlc has been done In Investl- 
gating the electric^ oondiactlvity of solutions, both aqueous 
and non-aqueous* From the behavior of the foirmer class of 
solutions the conclusion has been dravn that the greater the 
dilution, the greater the degree of dissociation of the mol- 
ecules, hence the greater the electrical conductivity. But 
upon the study of the behavior of non-aqueous solutions, 
which have been found to digress from this theory of electro- 
lytic dissociation upon Increase of dilution, a question has 
been raised as to the validity of the assumption which the 
theory presupposes • Hence it would seem thot some amend- 
ment, at least, should be added to the affirmation at pres- 
ent made in regard to the electrical conductivity of solu- 
tions, since the exceptions are too numerous to pass unno- 
ticed« 

Previous investigation made along this line in this lab- 
oratory, suggested that further v/ork might be done to advan- 
tage. The work above referred to was done by 0. E. Ruhoff 
upon solutions of silver nitrate, cadmium iodide and ferric 



chloride In amjrl amine •' In aocordance with the idea of de- 
termining the behavior ot various other salts in amirl amine, 
the results given below were obtained • 

The method used for taldjig the measurements was that of 
Kalrausch.^ The method of dilution and the form of cell used 
were the same as those eaoployed by Ruhoff •* 

Particular pains were taXen to have the onyl amine and 
the salts free from moisture* 

N 

The specific conductivity of -=7r- potassium chloride so- 



lution was taken as 0.00277 reciprocal ohms at 25 degrees Cen- 
tigrade. The results in any case are not corrected for the 
cond\2ctivity of the solvent . The last measurement in each 
case of the amyl sciine solutions, is that of the saturated 
solution. A few preliminary quantitative measurements were 
made '9^ the conductivity of seme aqueous solutions which had 
already been determined^ as sodium chloride and copper sul- 
phate. The specific conductivity of the water used was 
7.71 X 10 reciprocal ohmn. The resistance capacity of 
the cell or the constant, K, was 0.24108 • The measurements 
were made at 25 degrees Centigrade. 

The abbreviations used throughout the paper indicate the 

##« 

^Ostwald : Physico-chemical measurements. 
*0. E. Ruhoff : B. S. Thesis,- The Electrical Conductiv- 
ity of Solutions in Amyl Amine. 



following: Jb the temperature, jc the resistance capacity ot 
the cell, ^. c^* the specific conductivity, j7 the volume, in 
cubic centimeters, of the solution containing one gram mole- 
cule of the salt; U the molecular conductivity. 
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The number of salts used was necessarily llmltedy and 
they showed a oonslderable variation In their solubility and 
oonduotlvlty In amyl amine. 

The following salts were found to be apparently Insolu- 
ble^; nitrate and chloride of bariis&i^ chloride and nitrate of 

m 

calcium; zinc iodide, strontiiizn nitrate, nitrate and acetate 
of lead, platinum chloride, nitrite and sxilphate of silver. 
The copiJer salts were all soluble « The sulphate and chlor^ 
ide dissolved readily, giving decidedly blue solutions* The 
cyanide dissolved very easily, giving a deep blue solution. 
The aceto acetlo ester was sparingly soluble, giving a green- 
ish blue solution. 

. The acetate and carbonate did not go into solution in 
as great a degree as the other copper salts and gave paler 
blue solutions. Mercuric chloride and bromide were readily 
soluble, the bromide exceeding the chloride considerably in 
solubility • The tri-chloride of antimony formed a precipi- 
tate and was apparently insoluble. Potassium sulpho-cyanide 
went into solution with difficulty. Lead chromate was only 
slightly soluble. Cadmium nitrate showed slight solubility. 
Ferrous chloride dissolved. Chloride of cobalt went into 
solution easily. Mercurous chloride turned black and ap- 
peared to be insoluble. Strychnine zinc iodide gave a white 
precipitate and was insoluble. 



silver aoetate dissolved easily and seemed to decompose 
at onoe giving a blacX solution « Cadmium acetate was solu- 
ble • Silver tartrate was fairly soluble, giving a brown so- 
lution containing more or less sediment* Silver palmltate 
also gave a brown solution with a sediment • Ot the three 
silver salts used In making the quantitative measurements the 
solubilities ranged approximately In the ratio ot 4:35:1, 
the silver Iodide being most soluble, the silver chloride be- 
ing least soluble, the silver bromide coming in between. 

There seemed to be no constant relation between solubil- 
ity and conductivity, as some of the salts which dissolved 
most readily and gave highly colored solutions, showed no con- 
duction, while other salts, only sparingly soluble gave solu- 
tions of fair conduction* 

* 

In order to determine the condoictivity of the solutions 
Qtialltatively they were placed In circuit with a battery in 
the following manner* A small platiniim crucible was used to 
which was fitted a hard rubber cover* This cover was perfo- 
rated and a copper wire passed through it, which wauei soldered 
to a platinum wire, which, in turn, was soldered with gold 
to a small platinim disc* The platinum wire was of such 

« 

length that the disc cane ?rlthin about one millimeter of the 
bottom of the crucible* The crucible acted as one electrode 
while the disc acted as the other* 



Enough solution was placed In the crucible to cover the 
disc and the cirouit closed. If there was sufficient con- 
duction to be measuredf a sensitive galvanometer, placed in 
the circtiit, indicated the passing of a current by a swing of 
the needi;. The angle of flection was read In degreee on 
the scale • 

^he solutions of the ooiiper salts gave no qualitative 
results for conductivity. The silver acetate solution gave 
a reading of thirteen degrees. It was dried and tried for 
quantitative results^ but tit the resistance was found to be 
80 high that it could not be accurately measured the above 
reading was probably due to moisture present in the salt when 



measured qualitatively. The cadmium acetate solution gave 
no deflection of the galvanometer needle* The silver tar- 
trate solution gave a reading of about one-quarter of a de- 
gree. The salt being dry a quantitative measurement was 
tried but the conduction was not sufficient to give a reading. 
The silver palmitate solution gave a reading of about one- 
quarter of a degree. It was dried and tried for quantitative 
results. Indefinite minimums were obtained on the bridge in- 
dicating some conduction, but further investigation found 
this to be due to sediment which settled out on the bottom 
of the cell, short circiiiting the electrodes. The silver ni- 
trite solution, while the salt was apparently insoluble, gave 



a defaection of fiva-tentlas ot a degree • A quantitative 
measurement irae attempted and indefinite minimums were ob- 
tained but vere found to be due to the same cause as in the 
case of the silver palmitate solution. The silver siaphate 
solution gave no galvanometer reading. The potassium sulpho- 
cyanide solution gave a galvanometer reading of eight degrees < 
The nitrate of cadmium gave the same results as the potassium 



sxilpho-cyanide solution. The ferroiis chloride solution gave 
a very slight deflection, only a small fraction of a degree. 
The solution of chloride of cobalt gave a reading of five de- 
gree8« Ko quantitative detezminations vere made with these 
four salts on account of the difficulty of dirying them satis- 
factorily. 

Careful quantitative measurements were made of solutions 
of the following salts in amyl amines mercuric bromide, mer-* 
curie chloride, copper sulphate, silver iodide, silver bromide, 
silver chloride and silver cyanide. 

The mercuric bromide solution gave a reading of eleven 
degprees on the galvanometer. When the salt was put in the 
amyl amine it looked somewhat waxy and stuclc to the glass, 
but dissolved quite readily. The solution remained clear up 
to about the dilution of one gram molecule in 995.3 cc, when 
It became opalescent. After the dilution of one gram mole- 
cule in 826 • 7 cc. the salt dissolved very slowly and the solu- 



8 

t±cn became opaque. Upon standing over night a grey sedi- 
ment settled on the bottom of the cell. The minimum was not 
clear tor any of the measurements, there being a range of at 
least ten centimeters • Through an Inadvertence the observar* 
tlcns vere made at twenty-four and six-tenths degrees Centi- 
grade Instead of at twenty-five degrees Centigrade. The same 

was also true for the mercuric chloride • 

e 
Specific conductivity of the amyl amine ?/as 1.45 x lO,"" 

The mercuric chloride solution gave a readJLng on the gal- 
vanometer of five-tenths of a degree • The qiuoitltatlve meas- 
urements showed a hlg^ resistance f so high that the results 
obtained were not very satisfactory • The solution became 
opalescent and a wMte sediment settled out when allowed to 
stand . 

Specific conductivity of the amyl amine was 1.45 z 10. 

K » ♦24087 .^ 

Regardless of the fact that the copper sulphate solution 
gave negative qualitative results , a quantitative measurement 
was taken* The amount of salt used was small, being but 
0.0255 gram* Some of It went Into solution, giving a blue 

^Tabulated results are given on page 9. 
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color to tha amyl amine. There was found a flocoulent pre- 
cipitate which Increased the resistance In the same manner 
as reducing the size of the plates. 

Specific conductivity of the actyl amine was 1.7 x 10." 

K = .2051. 

Teirnperature, 25^ Centigrade.^ 

The halogen salts of silver, sliver Iodide, silver bro- 
mide, and silver chloride were prepared and used for the fol- 
lowing measurements. The salts were carefully dried and 
protected from the light. The solutions of these salts gave 
no deflection on the galvanometer, the apparatus not being 
sufficiently sensitive to record the conductivity. 

The sliver bromide was readily soluble and as a resiGLt 
of the decomposition of the salt, after the second measure- 
ment the solution began to get dark and continued to do so 
until It became a dark brown color. There was no definite 
minimum before the last six dilutions, there being s range 
of at least ten centimeters on the bridge. For some reason, 
the first three measurements decrease after i?7hloh there Is a 
steady Increase. The decrease in the next to the last dilu- 
tion is doubtless due to an experimental error. 

In taking the observations for the last dilution, the 



^Tab\ilated results are given on page 9. 
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solution had stood over night and as it was saturated, the 
aalt had crystallized out, fonning a mass of crystals in the 
bottom of the cell. In the liquid, which had the consisten- 
cy of a syrup, were floating very delicate crystals of tabu- 
lar shape. A black sediment was also present. In order to 
get a measurement of the saturated solution, the cell was 
placed in water at a tenqwrature of about thirty degrees Cen- 
tigrade. When the crystals were dissolved the cell was in- 
troduced into the water bath at twenty-five degrees Centi- 
grade and a meas\ir«nent atten^ted; but as the salt crystal- 
llzed out rapidly upon the aoiutlon cooling down to the re- 
quired tenrperature, a satisfactory result was not obtained. 
Specific conductivity of the amyl amine was 1.7 x 10. 

K = .2051. 

Temperature, 25*^ Centigrade,^ 



The silver chloride was not so soluble as the silver bro- 
mide. The solution became somewhat dark, caused by the pres- 
ence of a sediment held In suspension, which would settle out 
on standing • The salt crystallized out In a mass for the 
last measurement. The crystals were scale-like In shape. 
An experimental error of some kind Introduced an Irregularity 
for the dilution of a gram molecule In 1300 cubic centimeters. 



^Tabulated results are given on page 12. 
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Specific conductivity of the amyl aiaine was less than 
,294 X icr/ 

K » .2428. 

Teniperattare =» 25® Centigrade.* 

The silver iodide solution did not show sufficient con- 
duction to be measured by the apparatus used, so the cell was 
set \ap in circuit with a galvanometer and a high IS. M. F. 
applied. It was found that it took 110 volts to give a read- 
ing of two and five-tenths degrees on the galvanometer. The 
galvanometer was then calibrated by using an ammeter and one 
degree was found to equal .000028 ampere. From these data 
the resistance of the cell was calculated to be 1^571,428 
ohms* But one measurement was taken for the molecular con- 
ductivity with the results given below. 

Specific conductivity of the amyl amine was less than 
.294 I l^J 

Temperature = 25* Centigrade.* 

Silver cyanide was quite soluble and showed good conduc- 
tion after the third reading, before ?fhlch there was a range 
of from thirty to twenty centimeters on the bridge." The so- 
lution became black from the sediment held in suspension, 

*«« 

^Tabulated results are given on page 12. 
^Tabulated results are given on page 15. 
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which settled out upon standing for soma time. When the so- 
lution was saturated, a mass of flake like crystals separated 
out leaving a thin, clear solution. 

Specific conductivity of the amyl amine was 4.5 x ktJ 

Temperature « 25» Centigrade. 

The molecular conductivity of mercuric bromide shows 
some irregularity In the first four results due in all prob- 
ability to experimental errors, since the following figures 
show a steady increase in conductivity. The molecular con- 
ductivity of the mareurlc chloride decreased and then in- 
creased upon further conoentratlon of the solution. But one 
measurement was made of the molecular conductivity of the 
copper sulphate so no comparison can be made« 

The molecular conductivity of the silver bromide shows 
for the first three measurements a decrease of conductivity 
upon concentration of the solution. There is then a slight 
increase when it again goes down, but after this last irreg- 
ularity the conductivity steadily increases with the concen- 
tration with the exception of the next to the last result, 
where ♦^le slight experimental error was introduced in some 
way. The molecular conductivity of the silver chloride shows 
an Increase in conductivity up to the fifth measurement, where 
it drops down considerably, after this irregularity it in- 
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creases with the concentration. 



But one result was ob- 



tained for the molecular conductivity of the sliver Iodide, 



80 no comparison of results can he made« 



The molecular con- 



ductivity of the silver cyanide drops down considerable In 
the third result, doubtless due to an experimental error, 
after which It Increases with the concentration up to the 
thirteenth result, with which It begins to decrease and the 
decrease continues through the remainder of the measurements. 
It Is seen from the data previously given that the con- 
ductivity of salts In amyl amine Is very slight. The resist- 



1 
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anoe Is high and extremely sensitive apparatus would bs re- 
quired in order to obtain more satisfactory results. 

In conclusion it may be said that the conductivity of a 
non-aqueous solution is apparently not dependent upon the nuor- 
ber of dissociated molecules since the molecular oonductiviity 
increased. In all caseSf trLth the concentration. 
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